The objective of this study was to provide data on malnutrition prevalence in hospitals, nursing homes and home-care organisations in The Netherlands in a nationally representative sample, and to assess the factors such as age, sex, time since admission, ward type and disease for identifying patients at high risk of malnutrition. A cross-sectional, multi-centre design with a standardised questionnaire was used to measure the prevalence of malnutrition. Nutritional status was assessed by BMI, undesired weight loss and nutritional intake. In this study, 12 883 patients were included. The prevalence of malnutrition was the highest in hospitals (23·8 %), followed by home-care organisations (21·7 %) and nursing homes (19·2 %). Logistic regression analysis revealed no association with age, time since admission and ward type. Being female was associated with malnutrition only in nursing homes. Blood diseases, gastrointestinal tract diseases, infection, chronic obstructive pulmonary disease, dementia and cancer were the factors associated with malnutrition in hospitals. Dementia was associated with malnutrition in nursing homes, while gastrointestinal tract diseases, diabetes mellitus and cancer were the associated factors in home care. This study shows that malnutrition is still a substantial problem in hospitals, nursing homes and home care in The Netherlands. Malnutrition is a problem for more than one in five patients. Despite growing attention to the problem, more continued alertness is required.
Malnutrition continues to be an important and under-recognised problem in all health-care settings. Malnutrition can encompass both over-and undernutrition as well as deficiencies or imbalances of specific nutrients (1) . In this study, malnutrition is described as a state of undernutrition.
The first national survey of malnutrition conducted in 2001 by the dietitians in The Netherlands included 7606 patients, and indicated that approximately 12 % appeared to be malnourished and 13 % at risk of malnutrition in hospitals, nursing homes and home-care organisations (2) . Since then, no other large-scale studies of malnutrition prevalence have been performed in The Netherlands.
Comparisons of malnutrition prevalence in patients hospitalised in different European countries reveal that this fluctuates from 20 to 60 % (3) . European studies specifically related to the elderly report prevalence ranging from 22 % in Germany up to 84 % in Ireland (4, 5) . Stratton et al. (6) showed that disease-related malnutrition occurs in hospitals (10-60 %), nursing homes (50 % or more) and among individuals living independently (.10 %). These prevalence rates for malnutrition fluctuate extensively, as they depend on how malnutrition is operationalised (7 -9) . As no worldwide consensus on the elements of malnutrition operationalisation has yet been reached, it is very difficult to find a uniform operationalisation covering different patient groups, diseases and settings. It is thus difficult to compare the prevalence rates of malnutrition across different studies, settings, patient groups and countries (6) .
Despite these operationalisation differences, the research shows that malnourished individuals consult their general practitioners and are admitted to hospitals or nursing homes more often, and have higher post-operative morbidity and mortality, slower wound-healing processes, longer hospital stays and poorer quality of life (10 -14) .
Obtaining insight into factors for malnutrition should make it possible to identify subgroups of patients at risk. This may have a positive effect on preventing malnutrition and its consequences (6) . The main risk factor, especially in hospitals, home care and nursing homes, is disease (15) . There are numerous reasons for this; Stratton et al. (6) , for example, highlighted a diversity of disease-related aspects that decrease food intake even when food is available, including loss of appetite, anorexia, nausea, psychological problems and difficulties in chewing, tasting, swallowing and digestion. Furthermore, they demonstrated that nutrient requirements are increased by disease, which indicates that even normal intake could be insufficient for such patients.
Another factor influencing malnutrition is age. Higher age is associated with increased risk of malnutrition, as disease prevalence in this group increases and body composition changes (4,16 -20) .
Sex, too, is another possible factor that could influence malnutrition as body composition changes occur differently in men and women in the various ageing phases, thus influencing the assessment and screening of malnutrition (21) . Perissinotto et al. (19) found an adjusted malnutrition prevalence rate that was higher for women than for men in the elderly. Pirlich et al. (20) , however, found no such sex influence.
Due to increasing awareness in developed countries of the importance of recognising malnutrition in health care and the fact that only one extensive study on malnutrition prevalence has been performed in The Netherlands, this study aimed to investigate malnutrition prevalence in Dutch hospitals, nursing homes and home-care organisations on a large representative scale, and to draw more attention from healthcare professionals to the problem of malnutrition. Additionally, the association of factors such as age, sex, disease, ward type and time since admission was assessed to identify patients at risk of malnutrition.
Methods

Design
This study is part of the Annual National Prevalence Measurement of Care Problems of Maastricht University (Landelijke Prevalentiemeting Zorgproblemen (LPZ)), which started measuring malnutrition in 2004. The design involves a cross-sectional, multi-centre point prevalence measurement.
Instrument
A standardised questionnaire was used to register data on the organisation itself, wards included and individual patients, including demographic data, reason for admission (registered in the medical records) and nutritional items such as amount of undesirable weight loss (6 kg in the previous 6 months or 3 kg in the previous month) and nutritional intake (none for 3 d or reduced for more than 10 d). These items were obtained by having trained professionals measure the patients' height and weight. When being weighed, the patients wore light indoor clothes and no shoes, and sat or stood on a calibrated scale. BMI was calculated later by the research group. The nutritional item 'undesired weight loss' was measured in kilograms, as this is faster and simpler for the nurses than calculating the weight-loss percentage. Weight loss was assessed from earlier recorded weights in the charts, or, if missing, from recalled weight.
The large LPZ population is heterogeneous and incorporates patients from different age groups (range: 18 -104 years) and settings, further complicating the operationalisation of malnutrition. Based on the literature and consultation with Dutch experts in the field, malnutrition was defined according to one of the three following criteria: (1) BMI less than 18·5 kg/m 2 ; (2) unintentional weight loss (6 kg in the previous 6 months or 3 kg in the previous month) or (3) BMI between 18·5 and 20 kg/m 2 in combination with no nutritional intake for 3 d or reduced intake for more than 10 d (6,9,21 -24) .
Sample
For the LPZ study, all health-care organisations in The Netherlands were invited by mail to participate voluntarily. Fifty-seven university and general hospitals (60·6 % of the Dutch total of 94), thirty-nine nursing homes (11·3 % of the Dutch total of 345) and nineteen home-care organisations (12·6 % of the Dutch total of 150) were included. Only patients of age 18 years and above were included, as the criteria for defining malnutrition in patients younger than 18 years are complex (9) and vary from the adult population. The LPZ received ethical approval from the University Hospital Maastricht's (azM) Medical Ethical Committee. Likewise, participating organisations were required to obtain approval from their own ethical committees. All patients or their relatives gave informed consent.
Data collection
The annual LPZ study took place on 4 April 2005. In each participating organisation, one coordinator was responsible for the measurement. The coordinators were trained collectively by the research group on how to manage the survey within the organisation, and how to use the printed standardised questionnaire and specially designed Internet data-entry program. The coordinators also received a protocol and training package to support them in training the health-care professionals who would perform the measurement within the organisations.
To achieve an objective judgment for every patient, two health-care professionals (nurses, dietitians or doctors, one of whom worked in the patient's ward and the other independent) assessed each patient in the hospitals and nursing homes. For practical reasons, the measurements in home-care organisations were spread over 4 d, and the health-care professional primarily responsible for the patient's care filled out the questionnaire during a home visit. To ensure that these measurements were consistent, another independent healthcare professional revisited a random sample of twenty patients per home-care organisation (Cohen's kappa of 0·87).
LPZ participants could find all the information needed for the measurements and data entry on a purpose-built website.
Data analysis
Statistical analyses were performed using SPSS version 13.0 (SPSS Inc., Chicago, IL) including descriptive frequency distributions for all variables. Differences between groups were tested using Student's t-tests, x 2 tests or ANOVA (with post hoc analysis using the Bonferroni method). Additionally, OR with 95 % CI were calculated.
To confirm associations found in the univariate analysis, a multivariate binary logistic regression analysis was performed separately for hospitals, nursing homes and home-care organisations, where OR with 95 % CI were calculated once again. The independent variable was malnourished/well nourished. Prior to analysis, data were assessed for congruence with regression assumption. The independent variables were checked for possible interaction, confounding and multicollinearity. Variables that remained significant at the 0·01 level were presented. This level was seen as significant due to the large sample size. When a group was analysed separately, it had to consist of more than 100 patients for the findings to be of statistical value.
Results
As we were rigid in requiring complete nutritional datasets (BMI (weight and height), weight loss and data on intake), patients with partial datasets and those younger than 18 years (n 394) were excluded from the analysis. This resulted in the total exclusion of 12 459 patients due to missing data on BMI (n 7516) and weight loss (n 4549) of the original 25 342 participants. The remaining 12 883 (8028 hospital patients, 2061 nursing home patients and 2794 home-care patients) were analysed in the present study.
Excluded patient characteristics (time since admission, sex, age, disease type and comorbidity), stratified by setting and the ward types, were not significantly different from those of the included patients. Table 1 shows the included patients' characteristics separately for hospitals, nursing homes and home-care organisations.
Compared with those in hospitals, patients in nursing homes and home care were significantly older, and more often females. In hospitals, sex was more equally divided. In hospitals and home care, most patients had heart and coronary diseases and significantly higher BMI, while more patients in nursing homes had dementia. Table 2 shows malnutrition prevalence and malnourished patients' characteristics in hospitals, nursing homes and home-care organisations. It reveals significant differences in prevalence rates between the three. Hospitals had the highest malnutrition prevalence rate (23·8 %), followed by homecare organisations (21·7 %) and nursing homes (19·2 %). Fig. 1 presents malnutrition prevalence per ward type for hospitals and nursing homes. Home care was omitted as it has no identifiable wards. Fig. 1 also shows that the highest malnutrition prevalence rates occur in psychogeriatric wards in nursing homes, and in geriatric wards in hospitals. In nursing homes, the prevalence rate varied from 13·3 % in somatic wards to 22·8 % in psychogeriatric wards (with P,0·001 difference), and in hospitals from 10·3 % in coronary care wards to 32·9 % in the geriatric wards (with P, 0·001 difference).
Malnutrition prevalence
Characteristics of malnourished patients (univariate analysis)
As shown in Table 2 , a significant difference regarding sex was found only in nursing homes. Malnourished patients in hospitals and nursing homes were older than well-nourished patients, unlike in home care. Similarly, time since admission was significantly higher for malnourished than well-nourished patients in hospitals and nursing homes, while in home care this trend was the opposite. 
M þ , malnourished; M 2 , well nourished; -, , 100 participants and no further analysis performed; CVA, cerebrovascular accident; COPD, chronic obstructive pulmonary disease. P,0·01 is significant. a Significant difference between hospitals and nursing homes. b Significant difference between hospitals and home care. c Significant difference between nursing homes and home care. * ANOVA between types of organisations.
In hospitals, blood diseases, gastrointestinal tract diseases and cancer correlated more often with malnutrition. In nursing homes, dementia and chronic obstructive pulmonary disease were more often associated with malnutrition, while in home-care organisations patients with cancer and gastrointestinal tract diseases were more often malnourished. Fig. 2 shows that malnutrition is associated with increasing age, especially in nursing homes. Fig. 3 shows increasing malnutrition prevalence in hospitals with increasing comorbidity.
Factors associated with malnutrition (multivariate analysis)
To confirm associations found in univariate analysis, a multivariate logistic regression analysis was performed for hospitals, nursing homes and home-care organisations separately. The factors sex, age, ward type, disease and time since admission were analysed as dependent variables, with malnourished/well nourished as the independent variable. Table 3 shows the analysis results per institution type (hospitals, nursing homes or home-care organisations). Only factors significantly related to malnutrition are shown.
In the multivariate analysis, no association with age, age group, ward type or time since admission was found in hospitals, nursing homes or home-care organisations. An association with being female was found only in nursing homes. In hospitals, particularly blood diseases, gastrointestinal tract diseases, cancer, dementia, infection and chronic obstructive pulmonary disease were associated with malnutrition. In nursing homes, patients with dementia were more often malnourished, while in home care, cancer, gastrointestinal tract diseases and diabetes mellitus were again most often associated with malnutrition. Patients in home care with diabetes mellitus had a significantly reduced chance of malnutrition. Interactions were tested but found not significant.
Discussion
LPZ is one of the first large-scale, multi-centre prevalence studies focusing on health-care problems carried out annually in The Netherlands. The purpose of this study was to investigate the prevalence of malnutrition, and to assess the association between relevant influencing factors in Dutch hospitals, nursing homes and home-care organisations and the prevalence of malnutrition.
Malnutrition prevalence
Our study showed a malnutrition prevalence rate ranging from 19·2 % in nursing homes to 23·8 % in hospitals. Comparing these rates to other studies in the field is a real challenge as they are largely dependent on the operationalisation of malnutrition (most studies use different screening tools and elements) as well as the population and setting investigated. Yet, a general comparison of our results with these studies shows that our prevalence rates are within the higher range of Stratton et al.'s (6) reviews, and higher than that indicated by the first Dutch national survey conducted by dietitians in 2001 (2) . Still, comparing this LPZ prevalence study with the earlier national survey is difficult, as in 2001 malnutrition was operationalised only by weight loss. In this study, we included a much larger sample of patients and focused on BMI, weight loss and intake. A recent German study by Pirlich et al. (20) , however, showed hospital results comparable to ours, while a large study by Waitzberg et al. (17) of 4000 hospital patients in Brazil showed a much larger percentage (48·1 %) of malnourished patients.
Geriatric wards in hospitals and psychogeriatric wards in nursing homes exhibited the highest malnutrition prevalence rates, a finding that is again comparable to other studies (2, 14, 18) . These other studies, however, explained their Fig. 1 . Malnutrition prevalence in different hospital and nursing home wards: 1, surgical wards ( ); 2, internal medicine wards ( ); 3, intensive care unit wards ( ); 4, coronary care wards ( ); 5, geriatric wards ( ); 6, somatic wards ( ); 7, somatic rehabilitation wards ( ); 8, psychogeriatric wards ( ). Fig. 2 . Malnutrition prevalence in different age groups: age 31 -45 years ( ); age 45-60 years ( ); age 61-75 ( ); age 76 -90 years ( ); age above 90 years ( ); Chi-square for trend: P, 0·01 for nursing homes, P¼ 0·02 for home care and P¼0·06 for hospitals. Fig. 3 . Malnutrition prevalence with increasing comorbidity: one to two diseases ( ); three to four diseases ( ); five to six diseases ( ). x 2 for trend: P ¼ 0·01 for hospitals, P ¼ 0·06 for nursing homes and P ¼ 0·08 for home care. Home care: group five to six diseases to small n , 100. high prevalence rates by the higher age and vulnerability of the patient groups; in this study, no influence of or interaction with age was found in the logistic regression analysis or additional analysis for the different wards.
Factors associated with the prevalence of malnutrition
As mentioned, the literature shows that higher age is a risk factor for developing malnutrition (4,17 -20) . In this study, an age effect was found in the univariate analysis within the nursing homes and home care ( Fig. 1 ), but this effect disappeared in the multivariate analysis ( Table 3 ). The age effect revealed in other studies as well as in our univariate analysis may be due to the fact that higher age is associated with an overall increase in disease prevalence (4, 17) . Fig. 2 shows a trend of increasing age with increasing malnutrition prevalence in the univariate analysis of nursing homes. In home care, this trend was opposite; with increasing age, malnutrition prevalence decreased. This contradiction could be explained by the fact that sicker older persons are probably more often admitted to nursing homes, thus leaving a healthier population in the home-care setting. This would also fit with the time since admission (receiving care) for home care in Table 2 ; in home care, well-nourished patients had a longer mean 'time since admission' than malnourished patients.
Perissinotto et al. (19) found that body composition changes occurred differently in men and women in the various phases of ageing, and thus influenced the assessment and screening of malnutrition. Their study indicated that in nursing homes women had a higher chance of becoming malnourished than men. However, like Pirlich et al. (18) , we found no relationship between sex and malnutrition in hospitals.
Disease and malnutrition are related. Table 2 shows that malnourished patients have a higher mean number of diseases per patient than those who are well nourished. Furthermore, patients with cancer showed a very high risk of being malnourished both in hospitals and home-care organisations, a result also identified in other studies (2,6,18 -29) .
In nursing homes, patients with dementia had a higher risk of malnutrition; this finding is consistent with other studies in nursing homes (28, 29) . However, patients with diabetes mellitus in home care had a significantly reduced chance of malnutrition, a finding not supported by other studies. A possible reason for this could be that diabetes mellitus patients are expected to be overweight rather than underweight.
Limitations of this national screening
Although our study sample was large (n 25 342), many patients were excluded if their nutritional data were incomplete; we felt it very important to have complete and reliable data. Datasets, in particular, for elderly patients were often incomplete as caregivers found it difficult to actually weigh patients and measure their height. Likewise, Stratton et al. (30) indicated that measuring height and weight, particularly in elderly patients, is difficult; in their study, only 56 % of the elderly patients could be weighed.
Nevertheless, the group included in our analysis is a representative sample, with no significant differences in patient characteristics (time since admission, age, sex and number and type of disease) and type of ward compared with the excluded group, which makes the results robust and the sample quite unique.
A particular difficulty with cross-sectional studies focusing on correlations is the fact that the progression over time of certain disorders and their possible risk factors cannot be measured by one-time measurement. As the dependent and independent variables are selected at one and the same time, causality cannot be drawn. For example, disease and malnutrition interact such that the disease may cause secondary malnutrition, or malnutrition may adversely influence underlying disease.
The large LPZ population is heterogeneous and incorporates patients from different age groups (range: 18 -104 years) and health-care settings, making the operationalisation of malnutrition extremely difficult as there is no consensus on a valid and reliable instrument for quick and easy measurement that suits the whole group at once. However, based on the literature and consultation with experts in the malnutrition field in The Netherlands, we did achieve consensus on our definition. We realise, though, that the BMI cut-off points and further operationalisation used are debatable, may not be totally appropriate for all age groups, and could possibly result in an underestimation of malnutrition prevalence.
In our operationalisation, undesired weight loss in kilograms was used instead of percentage of weight loss. We do believe it would have been preferable to use absolute percentages; yet, fixed cut-off points were easier for the nurses who filled out the questionnaires than having to calculate percentage of weight loss. Still, we had to deal with a large number of missing values in the dataset.
As LPZ was measured on a large scale and to make it easier for the nurses to fill out the questionnaire, questions on diseases were clustered per disease group. Thus, our data do not specify the disease type each patient had at the time of measurement. We realise that this limits further analysis on the disease variable.
An annual, large-scale, multi-centre study like LPZ focusing on health-care problems such as malnutrition is unique in Europe. This study shows that malnutrition is still a substantial problem in hospitals, nursing homes and home care in The Netherlands. Despite growing attention to the problem, more continued alertness is required. Therefore, in The Netherlands the LPZ's prevalence measurement of malnutrition will be repeated annually to achieve structural and ongoing awareness of the problem within health-care organisations, as well as to raise national awareness of its approach.
